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Abstract Strange Nuggets are believed to be among
the relics of the early universe. They appear as dark
matter due to their low charge-to-mass ratio. Their dis-
tribution is believed to be the same as that of dark mat-
ter. As such, they could be accreted by high magnetic
field objects and their collisions with pulsars are in-
evitable. Pulsar glitches are commonly seen as sudden
spin-ups in pulsar frequency. It is still an open debate
with regard to mechanisms giving rise to such a phe-
nomenon. However, there is a class of sudden changes
in pulsar spin frequency known as microglitches. These
event are characterized by sudden small change in pul-
sar spin frequency (δν/ν ≈ ±10−9). Clearly, the nega-
tive signature seen in some of the events is inconsistent
with the known glitch mechanisms. In this analysis, we
suggest that accretion of strange nuggets with pulsars
could readily give rise to microglitch events. The signa-
ture of the events depends on the energy of the strange
nuggets and line of interaction.
Keywords dense matter: stars — pulsars: general —
stars: neutron
1 Introduction
Spinning magnetized neutron stars known as pulsars
are one of the most stable natural rotators in the uni-
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verse. In some cases their stability rivals that of atomic
clock. Nonetheless, long term observations have shown
a form of abrupt discontinuity in the rotation profile
of some pulsars. Some of these abrupt discontinuity,
which manifest as a sudden change in pulsar frequency
(δν) are known as glitches (Radhakrishnan & Manch-
ester 1969; Chukwude & Urama 2010; Espinoza et al.
2011; Yu et al. 2013). Conventionally, pulsar glitches
are seen as sudden spin-up (positive change) in pul-
sar rotation frequency (δν), with fractional size in the
range of 10−11 to 10−5. This spin-up phase, which lasts
for about 30 sec (Dodson et al. 2007) is usually, (but
not always) accompanied by a change in spin-down rate
(δν˙). After the spin-up phase, a relaxation phase nor-
mally follows at which the pulsar returns to a pre-glitch
frequency or maintains a new steady frequency.
Meanwhile, Chukwude & Urama (2010) identified
299 microglitches in 26 pulsars observed at Harte-
beesthoek Radio Astronomy Observatory (HartRAO)
after 16 years of pulsar timing for each of the pul-
sars. These events are characterised by small magni-
tude change |δν/ν| < 10−9, which is positive (δν/ν)
in some events and negative (−δν/ν) in others. The
negative events could be regarded as anti-glitches. Ear-
lier than Chukwude & Urama (2010), few microglitches
have be reported in rotation-powered pulsars (Cordes
& Downs 1985; Cordes et al. 1988). The magnitude of
the event though have wide range concentrated within
δν/ν < 10−10 and δν˙/ν˙ < 10−3.
Pulsar glitch is one of the most promising ways of
probing the neutron interior. After about five decades
of pulsar glitch studies, a comprehensive understand-
ing of the nature, origin, signature and recovery of the
microglitches and conventional large (micro-) glitches
remain not well understood. In the studies, more at-
tention has been given to conventional glitches than the
microglitches. This one-sided attention may be narrow-
ing the comprehensive understanding of the dynamics
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2of pulsars. Nonetheless, many models have been pro-
posed toward the understanding of the origins of pulsar
glitches (see Haskell & Melatos (2015) for a recent re-
view). Based on the fundamental principles involved,
those models could be grouped into two, namely, the
starquake models and the angular momentum transfer
models. The starquake models rely on sudden reduc-
tion in stellar moment of inertia (e.g. Ruderman 1969;
Baym & Pines 1971; Middleditch et al. 2006; Zhou et
al. 2014). They could readily account for small size
glitches (δν/ν ≤ 10−7) but they are not convenient
for large ones due to the energy involved. The angu-
lar momentum transfer models rely on sudden transfer
of angular momentum from a partially decoupled inte-
rior component, which is at a higher velocity than the
rest of the pulsar (e.g. Baym et al. 1969; Anderson &
Itoh 1975; Alpar et al. 1984). The angular momentum
transfer models for decades now is seen as standards for
analysing pulsar glitch events especially the large ones
(δν/ν ≥ 10−7). Nonetheless, due to recent calculations
of the magnitude of neutron star components partici-
pating in glitches (e.g. Andersson et al. 2012; Chamel
2013; Eya et al. 2017), it is now debatable whether the
reservoir of the angular momentum involved in glitches
is large enough to account for the observed glitch sizes
(Basu et al. 2018; Eya et al. 2019a). Likewise, the
radiative changes accompanying glitches in magnetars
and some other high magnetic field pulsars (Weltevrede
et al. 2011; Dib & Kaspi 2014; Kaspi & Beloborodov
2017; Kou et al. 2018) could not be well understood
in the realm of standard glitch models. In addition to
these challenges, the possible free precession in PSRs
J1645-0317 and J1830-1059 (Stairs et al. 2000; Sha-
banova et al. 2001) is a serious challenge to the idea
of vortex pinning in neutron star interior. If the pin-
ning is strong enough to partially decouple the crustal
fluid from the rest of the neutron star, it could have
damped the precession in a short time interval than
the observed. Equally, applying the magnetohydrody-
namic coupling of the crust to the core, indicates that
the free precession would have decayed in a few hun-
dred of years against the present age of pulsar (Levin
& D’Angelo 2004) . Furthermore, the idea that the su-
perfluid neutron vortices in neutron star core coexist
with proton flux tube can not give rise to precession
(Link 2003; Zhou et al. 2014).
Nonetheless in order to reconcile the observed free
precession and glitches, Xu (2003) suggested that the
way forward is to treat radio pulsars as solid quark
stars. A solid quark star is a condensed object of quark
clusters — just a rigid body (Zhou et al. 2014). It is dif-
ferent from conventional quarks stars in the sense that
the quarks in it could be regarded as fermion gas. They
are not confined in hadrons of neutrons stars like that
of the conventional quark stars. This idea of neutron
star being a solid quark star is favoured by the observa-
tion of massive neutron stars of which the matter in it
is best described with very stiff equation-of-state (Lai
& Xu 2009, 2011; Antoniadis et al. 2013). In this frame,
conventional glitches including the large ones being at-
tributed to angular momentum transfer models could,
to some extent, be well understood (Zhou et al. 2014)
but not the anti-glitches.
However, there are some physical phenomena that
could mimic anti-glitches in timing data. Such phe-
nomena include transfer of angular momentum from
slower rotating crust to the faster crustal fluid (Thomp-
son et al. 2000), curling of magnetic lines (Lyutikov
2013), accretion of ambient matter (Katz 2009; Ouyed
et al. 2013), strong outburst (Tong 2013) and collision
of small solid body with neutron star (Huang & Geng
2014). Of all these phenomena, none except the colli-
sion of small solid body with neutron star could pro-
duce a picture of anti-glitch with features of conven-
tional glitch. Others appear as a slow deceleration of
the pulsar, which could not be regarded as glitch.
On the other hand, Lai & Xu (2016) proposed a
glitch mechanism, which is devoid of neutron star vor-
tices. They treated neutron star as a solid quark star
and opined that the accretion of strange nugget (SN) by
pulsar could lead to sudden spin-ups known as glitches.
In the mechanism, it is assumed that the distribution
of SN in the universe is comparable to that of dark
matter. With that, they showed that the occurrence
rate of small size glitches is in line with the accretion
rate of dark matter by stellar objects. Strange nuggets
are one of the relics of the early universe (for a more
detailed review on its formation and nature, see Mad-
sen (1999)). If the phase transition that took place at
the earliest stage of the universe when the temperature
is about 200 MeV is of the first order (Madsen 1999;
Thompson et al. 2000), most of the de-confined quark
would be concentrated in the dense invisible SN (Wit-
ten 1984; Lai & Xu 2016). They are baryon in nature
but due to their low charge-to-mass ratio, they appear
as dark matter (Madsen 1999; Lai & Xu 2016). Their
mass ratio is believed to be comparable to that of dark
matter (Witten 1984). They could be circulating the
galaxy in a similar way as dark matter having higher
concentration near the galactic center. As such, they
could be continuously accreted by high magnetic field
objects like pulsars. One physical consequences of such
accretion is temporal alteration in dynamics of the pul-
sar involved — possible microglitch. The incident rate
will technically depend on the position of the pulsar in
the galaxy.
3As at the time of this analysis, over 500 conventional
glitches have been reported in 190 pulsars1 (see JBO
and ATNF pulsar glitch catalogue for update). Most of
the events in the catalogues have been extensively stud-
ied that the jump in spin parameters are presumed to be
associated with a definite signature, (δν, δν˙) = (+,−).
However, a positive change (δν˙) have been observed
in a few events as seen in conventional glitch database
(ATNF and JBO pulsar glitch catalogue). Meanwhile,
recently, anti-glitches of magnitudes, δν & 10−8, was
reported in a magnetar (Archibald et al. 2013). The
events were accompanied by hard X-ray burst and de-
caying softer X-ray emission of which no such event
has been reported in rotation-powered pulsar. The mi-
croglitches reported in rotation-powered pulsars, un-
like conventional glitches have combination of signa-
ture, (δν, δν˙) = (+,−), (−,−), (+,+), (−,+). Due to
this irregular signature, it becomes difficult to under-
stand microglitch events in the standard glitch theories.
In this analysis, we try to explain both signatures
of microglitch events based on a single natural phe-
nomenon by revisiting the accretion of strange nuggets
by pulsars. The results obtained show that interaction
of SN with pulsars could readily account for both signa-
ture of microglitch events. The signature of the glitch
depends on the energy of the SN involved.
2 Sources of data
The microglitch data is from Chukwude & Urama
(2010). These glitch events are mostly from relatively
long period (P ≥ 0.13) pulsars of characteristic age
& 105 yr and magnetic field in the rang 1010 < B
. 1012. In the data, 20 of the pulsars exhibit significant
fluctuation simultaneously in both spin frequency (ν)
and spin-down rate (ν˙), giving a total of 266 glitches.
With respect to the signature of the glitches, 137 are
positive (δν/ν), while 129 are negative (−δν/ν). The
contribution of individual pulsars to this number to-
gether with other pulsar parameters are summarised in
Table 1. The pulsar parameters are from the Austrian
Telescope National Facility2 (ATNF). To ascertain how
the glitches of both sign are distributed, we made the
histograms of the distribution of the glitch sizes. The
outcome is shown in Fig.1. In all, the range of the mi-
croglitch sizes are 10−11 < |δν/ν| ≤ 10−8 with peaks at
∼ 10−9.
1Both in magnetars, rotation-powered pulsars, and accretion
powered pulsars
2http://www.atnf.csiro.au/research/pulsar/psrcat
Fig. 1 Distribution of microglitches: top panel is distribu-
tion of glitch sizes of positive sign (δν/ν), middle panel is
distribution of glitch sizes of negative sign (−δν/ν), bottom
panel is the combined distribution of glitch sizes of both
signs.
4Table 1 Parameters of the HartRAO pulsars
Pulsar Ng Ng P ν˙ × 10−15 τc R˙+veg R˙−veg r
J Name +ve -ve (s) (Hzs−1) (105yr) (yr−1) (yr−1) (kpc)
0738-4042 9 2 0.37 -11.50 36.8 0.21 0.16 9.1
0742-2822 24 22 0.17 -604.87 1.6 1.50 0.55 9.5
0837-4135 2 2 0.75 -6.27 33.6 0.21 0.21 8.9
1001-5507 5 3 1.44 -24.90 4.4 0.32 0.19 8.5
1056-6258 10 4 0.42 -20.04 18.7 0.72 0.3 8.0
1224-6407 5 2 0.22 -105.70 6.9 0.49 0.19 7.4
1243-6423 3 6 0.39 -29.82 13.7 0.25 0.50 7.6
1326-5859 7 10 0.48 -14.17 23.4 0.47 0.68 7.1
1327-6222 13 18 0.53 -67.23 4.5 0.56 0.50 6.9
1359-6038 7 4 0.13 -389.91 3.2 0.62 0.35 6.4
1401-6357 9 4 0.84 -23.55 8.0 0.65 0.15 7.5
1453-6413 3 1 0.18 -85.24 10.4 0.24 0.26 6.8
1559-4438 2 1 0.26 -15.42 40.0 0.32 0.16 6.5
1600-5044 2 11 0.19 -136.47 6.0 0.40 1.38 4.2
1645-0317 5 6 0.39 -11.85 34.5 0.36 0.44 7.4
1709-1640 4 4 0.65 -14.80 16.4 0.40 0.39 8.0
1731-4744 8 9 0.78 -237.62 0.8 0.40 0.66 3.7
1752-2806 12 8 0.56 -25.69 11.0 0.20 0.29 8.3
1825-0935 3 3 0.77 -88.78 2.3 0.27 0.14 8.2
1932+1059 4 9 0.23 -22.56 31.0 0.31 0.20 8.3
Note: column two and three denote the number of microglitches of positive and negative signature respectively,
column four, five, six denote the rotational period, spin-down rate and characteristics age of the corresponding
pulsar respectively, column, seven and eight denote the rate of microglitches of positive and negative signature
respectively, while column nine denote the distance from the galactic center.
53 Starquake Model
The standard starquake models of pulsar glitches are
generally done by parametrizing the dynamics of the
neutron star solid crust and core (Ruderman 1969;
Baym & Pines 1971). As a pulsar spins down due to
electromagnetic braking torque, strain energy develop
until the star can no longer withstand the load on it due
to stress. This leads to a starquake that relives the star
of the stress. Ruderman (1969) who was the first to
treat pulsar glitch in the realm of starquake proposed
that the entire strain energy accumulated in the star
is released in the quake, while Baym & Pines (1971)
argued that only a part of the strain energy is released
as the star is not relieved completely of the stress and
the plastic flow is negligible. Later Zhou et al. (2004)
in their model presented a situation of which during
the quake, the entire stress is almost relived at once as
the quake cracks the neutron star. The total energy
released is converted to kinetic energy of the plastic
flow and thermal energy. Some part of the kinetic en-
ergy, due to anelastic flow is restored back. Therefore,
the neutron star retains a part of the strain energy,
which could partake in subsequent glitch. However, in
these models, the quake only occurs when the neutron
star could no longer sustain the stress on it. Here, we
present a situation in which a glitch could occur in neu-
tron star without being stressed to a critical limit. In
this situation, a glitch could occur if the neutron star
accrete another body. The signature of the glitch de-
pends on the impact of the interaction. If the impact
is high enough to cause quake, microglitch of positive
signature is expected else otherwise. The size of the
glitch could at most be equal to that of conventional
starquake depending on the stressed state of the neu-
tron star.
4 Strange nuggets and microglitch
Pulsars in the vicinity of strange nuggets could collide
with it or even accrete a clump of strange nuggets. The
resulting situation could be highly complicated. There
could be burst and the spin rate of the pulsar will be
affected. The latter is the one that could easily be no-
ticed in pulsar timing data. During the accretion, the
effect in a given pulsar rotational kinetic energy (or
spin frequency) depends on the impact of the interac-
tion. Though it is quite challenging to quantify the
total energy involved in the process, coupled with the
fact the full nature of the SN is not yet well understood,
it can be estimated by calculating the change in energy
of the pulsar involved. At the onset of the interaction,
the total energy of the pulsar is expected to change —
observed as a sudden change in kinetic energy (via spin
frequency) of the pulsar. The effect could be visualised
as follows:
4.1 Case one
If the impact is strong enough to cause a quake. Follow-
ing the standard starquake model, the change in stellar
moment of inertia (I = 2/5 MR2) is
δI =
4
5
MRδR, (1)
and conservation of angular momentum (L = 2piIν) of
the pulsar entails
δL = 2pi[Iδν + νδI] = 0, (2)
leading to
δν
ν
= −δI
I
= −2δR
R
, (3)
implying that the star spins up to compensate for the
change in stellar moment of inertia, where ν is the spin
frequency and δν/ν is the observed glitch size. The en-
ergy involved in the above process can be obtained fol-
lowing Baym & Pines (1971); Zhou et al. (2004, 2014).
A rotating neutron star is more oblate in shape than
spherical. The oblateness, which is a measure of the
deviation of the gravitation energy with respect to the
non-rotating case is of the form
 =
I − I0
I0
, (4)
while the eccentricity is
e2 = 1− c
2
a2
, (5)
where I0, a and c are the stellar moment of inertia in
a non-rotating state, semi-major and semi-minor axes
respectively. For slow rotators, the oblateness is related
to the eccentricity as (Zhou et al. 2014)
 =
1
(1− e2)1/3 − 1 ≈
e2
3
(6)
and with angular frequency (Ω = 2pi/P ) as (Zhou et al.
2014)
Ω = 2e
√
2piGρ
15
, (7)
where P is the rotation period, G the universal grav-
itational constant and ρ the stellar density. So that
6 ≈ 8.83
3P 2
× 10−7. (8)
This implies that for rotational period of not less than
0.1 s just like those of the pulsars in this analysis,  ≈
2.94 × 10−5. Then the change of oblateness with the
change in stellar moment of inertia during the glitch is
of the form,
δ =
δI
I
(+ 1) ≈ δI
I
, (9)
as ( 1).
The rotational kinetic energy of the star is
Erot =
L2
2I
=
L2
2I0(+ 1)
. (10)
As the star is a self gravitating body, the gravitational
energy is of the form
Eg = E0 +A
2, (11)
where E0 is the energy in a non-rotating state, A =
3
25GM
2/R is a constant for an incompressible sphere,
while the elastic energy is of the form
Eel = B(− 0)2, (12)
where B = µV/2, is a constant, µ is the shear modulus
and V = 43piR
3 is the volume of the star, 
0
is the
reference oblateness (unstressed star3). Then the total
energy of such a pulsar is of the form
ET =
L2
2I
+ E0 +A
2 +B(− 0)2. (13)
Each glitch is seen as a sudden change in the rotational
kinetic energy (via change in spin, δν) of the pulsar. In
the starquake model, this change is due to change in
the oblateness of the star (δ). As such, at any interval
the star is in equilibrium, it follows that (Zhou et al.
2014)
δE
T
δ
= 0. (14)
Now, assuming a given pulsar is in equilibrium at a
hypothetical time t1 with angular momentum L1, ap-
plying the equilibrium condition gives
δET
δ
= 2A1 + 2B(1 − 0)−
L2
1
2I0(1 + 1)
2
= 0. (15)
3If the star is unstressed,  = 0 and the elastic energy is zero.
Now as the pulsar spin-down, elastic energy develops,
at the onset of a glitch at angular momentum L2 after
an interval t2, applying equilibrium condition gives,
δET
δ
= 2A2 + 2B(2 − 0)−
L2
2
2I0(2 + 1)
2
= 0, (16)
In order to estimate the magnitude of elastic energy at
the interval, δt = t2− t1, the difference of equation (15)
and (16) is obtain, thus,
2(A+B)(
1
− 
2
) =
L2
1
2I0(1 + 1)
2
− L
2
2
2I0(2 + 1)
2
. (17)
Making use of + 1 = II0 and L = 2piIν, the change in
the two equilibrium reference point during spin-down
period δt is
(1 − 2) =
1
2(A+B)
[2pi2I0(ν
2
1
− ν2
2
)]. (18)
The expression in the square bracket is the change in
the rotational kinetic energy, −δEk. If at any point dur-
ing the spin-down phase, the pulsar accrete SN, and the
impact is high enough to cause a quake, elastic energy
is released. Though it could be difficult to constrain
the magnitude of the elastic energy accumulated dur-
ing the spin-down phase δt it should be proportional
to the change in rotational kinetic energy of the pulsar
and change in the stellar oblateness. This energy is at
most equal to that due to normal starquake. Thus:
Eels ≤ B(1 − 2)2 =
B(
1
− 
2
)
2(A+B)
(|δEk|). (19)

1
and 
2
in Equations (15) and (16) respectively are
two different points at which the star is in equilibrium
(unstressed). This implies that (1 − 2) is just the
change in reference oblate positions δ0 during the nor-
mal spin-down phase at the interval δt. Then to relate
it with oblateness change, δ, during glitch, −δν/ν, we
follow Zhou et al. (2004) and apply the equilibrium con-
dition to Equation (13) and making use of (+ 1) = II0
and L = 2piIν, one readily obtain

0
=
(A+B)
B
− pi
2I0ν
2
B
. (20)
Making use of Equations (3) and (9), this implies that
δ
0
= − (A+B)
B
δ =
(A+B)
B
(
δν
ν
)
. (21)
Then the total energy released in Equation (19) as re-
sult of glitch of size δν/ν is
Erel ≤ −1
2
(|δEk|)
(
δν
ν
)
, (22)
7This energy is seen as enhanced luminosity of the star
at the onset of the glitch, which can be written as is
δErel ≤ −1
2
[
4pi2Iνν˙
]
δt
(
δν
ν
)
=
Ek
2
δt
τc
(
δν
ν
)
, (23)
where δt is the inter-glitch time interval, while τc is the
characteristic age of the pulsar. On average, pulsars in
this analysis spin-up at intervals of ∼ 6.3 × 107s. As
such for their typical period of P& 0.1 s and considering
that they are conventional pulsars4,
δErel . 1.2× 1031 erg
(
I
1045gcm2
)(
0.1s
P
)( −ν˙
10−15
)
(
δt
6.3× 107s
)(
δν/ν
10−9
)
.
(24)
In Lai & Xu (2016), the SN-triggered glitches is taken
to be δν/ν < δν/ν(Erel = 10
35)erg. Considering that
and comparing it with the limit of energy in Equation
(24), it is reasonable to say that the sizes of the mi-
croglitches of positive signatures in this analysis are well
accommodated in the range suggested to have a possi-
ble link with SNs. On the other hand, comparing this
amount of energy with the upper limit of glitch energy
estimated from X-ray flux enhancement after 35 day
Velar pulsar glitch Ere ≈ 3.6× 1036 erg (Helfand et al.
2001) indicates that this amount is small to produce any
detectable burst. This is also well understood; energy
released in conventional starquake is inversely propor-
tional to the pulsars characteristic age. Velar pulsar is
far younger than pulsars in this analysis.
4.2 Case two
If the motion of the SN is tangentially opposite to that
of the pulsar, at the time of the interaction, the impulse
could manifest in sudden change in stellar angular mo-
mentum. The resultant rotational kinetic energy of the
system is,
L2
2I
− E
SN
=
L2
2I
+
LδL
I
+ φ, (25)
where the second term in the right-hand-side of Equa-
tion (25) is the change in rotational kinetic energy and
φ accounts for other form of energy loss, which could
be burst. This implies,
E
SN
= −LδL
I
+ φ. (26)
4i.e. spin-powered, M = 1.4 M and R = 10 km
The ratio of the SN energy to that of pulsar rotational
kinetic energy gives, bearing in mind that is negligible,
E
SN
Erot
= −2δL
L
= −2δν
ν
, (27)
which reduces to,
E
SN
=
4piI
P 2
(
−δν
ν
)
. (28)
If the energy of SN or its clump satisfies Equation (26),
microglitch of negative signature occur. The occurrence
rate now depends on the position of the pulsar relative
to the galactic center, as we discuss latter.
5 Energy of Strange nuggets
The actual nature of strange nuggets is still not well
understood, but it is believed to interact gravitational
as dark matter circulating in the galaxy. They can be
orbiting a more massive and magnetised objects like
neutron star within the galaxy. They can even be in
isolation or interact with each others that the chances
of existing in clumps could be there, just like multiple
planets in a system colliding with each other, produce
some clumps with negative angular momentum (Katz et
al. 1994; Ford & Rasio 2008; Huang & Geng 2014). As
such the energy range of SN could be wide depending
on the form of a given one. However, for simplicity,
we can still treat the energy of SNs as that of a single
object and that of the hypothetical clumps to be an
integral sum of each.
For dark matter in form of SN to be in line with
the prediction of Big Bang Nucleonsynthesis and the
observed abundance of helium, it is expected that the
baryon number (A) of each SN should be A ≥ 1024
(Madsen & Riisager 1985). On the other hand, if the
formation of high red-shift (Z ≈ 6), supper massive
black-holes (109M) are the consequences of SNs (Fan
et al. 2003), it suggests that A ≤ 1035 (Lai & Xu 2010,
2016). Therefore, one can constrain the baryon number
of SNs in the range 1024 ≤ A ≤ 1035. However, for
those existing in clumps, it could be more than this.
Now for a typical isolated SN of mass m
SN
= Am
b
approaching from outside the gravitational field of a
given pulsar, where m
b
= 1GeV is the baryon mass
(Lai & Xu 2016), just before it hits the neutron star
surface, its velocity is
V
SN
=
(
2GM
R
)1/2
. (29)
8The energy as it hits the stellar surface is
E
SN
=
1
2
m
SN
V 2
SN
=
GMm
SN
R
= 3.3A×10−4 erg. (30)
Therefore, if a SN is accreted by pulsar, it’s energy
depends on gravitational pull of the pulsar and the mass
of the SN. However, if the SNs exist in clumps, the total
energy is hard to constrain but it is believed to be more
than the one above.
On accretion of SN, the structure of the neutron star
will be affected as their could be interaction of SN with
particles inside the neutron star crust. The details of
such interaction is beyond the scope of this work, cou-
pled with the fact that the actual nature of SN is not
well understood. However, following Zhou et al. (2004);
Lai & Xu (2016), and believing that neutron stars have
solid crust that can sustain stress, a consequence of
such interaction could be estimated. As the neutron
star spins down, stress builds in the crust, at a critical
σc, (− 0) ∼ 10−3 beyond, which the crust crack, the
strain energy density is
Eρ =
Eel
V
=
1
2
µ
(
− 0
10−3
)
=
1
2
× 1026ergcm−3
(
µ
1032ergcm3
)(
− 0
10−3
)
. (31)
The lattice density inside a neutron star is ∼ 0.3 fm−3
(0.3 × 1039 cm−3), then to brake the lattice structure,
each of the lattices should absorb 1.67 × 10−13erg. If
each of the lattice receives L
E
of energy, the total num-
ber of lattice it shall interact with is
T
N
= 2.0× 109A
(
1.67× 10−13 erg
L
E
)
. (32)
The interaction cross section is at most that of the
SN. Now assuming that the interior density of SN is
comparable to that of dark matter, it cross section is
∼ pi(A 34pi × 10−39)2/3 cm2. For the trajectory of the
interaction to traverse the entire length of the neutron
star radius, it will interact with N
L
number of lattices
in a volume element ∼ pi(A 34pi×10−39)2/3 cm2 ×106 cm.
Thus the number of lattices in this volume element is
T
int
=
[
pi
(
A
3
4pi
× 10−39
)2/3
× 106
]
×0.3× 1039. (33)
Therefore, if T
N
≥ Tint , an induced quake could occur.
The minimum energy required of the SN is the quan-
tity of energy absorbed by each of the lattice structure
multiple by Tint . This implies that for SN of A ≥ 1032,
a microglitch of positive signature is feasible. However,
this depends on the line of action of the interaction.
If it is perpendicular to the neutron star surface, the
possibility of the length of the trajectory reaching the
neutron star core is there. Therefore, it entails that
with single SN of A > 1032, of which its line of action
is perpendicular, the interaction could lead to a quake.
On the other way, if a neutron star accrete a clump of
SNs and the line of action is not perpendicular to the
surface, and the trajectory is not towards the core, the
neutron star could survive induced quake. But the im-
pulse could translate to an observable sudden change in
angular momentum of the pulsar, if the energy of the
strange nuggets clump is high enough.
6 Microglitch rate and accretion rate of
strange nuggets
To work out the expected glitch rate, the rate of oblate-
ness change during the glitch (−δν/ν) and that during
the normal spin-down phase (1 − 2) are considered.
From Equation (18), the rate the oblateness is chang-
ing during the normal spin-down phase is
˙0 =
2pi2I0
(A+B)
(−ν˙
P
)
∼ 10−13 yr−1
( −ν˙
10−15
)(
0.1 s
P
)
,
(34)
for a mean share modulus µ = 1032 erg cm3. This is
related to that during the glitch via Equation (20) as
˙
0
=
(
A+B
B
)
˙ ∼ 102˙. (35)
These rates are expected to be constant in a given pul-
sar for given values of ν˙ and P (which are the param-
eters that quantifies the characteristic ages of the pul-
sars) as A, B and I0 are expected to be constants. This
implies that
˙ ∼ 10−11 yr−1
( −ν˙
10−15
)(
0.1 s
P
)
, (36)
from, which it is readily ascertain that
δ t ∼ 102 yr
(
δν/ν
10−9
)(
10−15
−ν˙
)(
P
0.1 s
)
, (37)
using the modal microglitch size in Figure (1). For a
typical size of 10−9, it will take an ideal pulsar of pe-
riod 0.1 s, spin-down rate 1015 Hzs−1 an interval of ∼
100 yr to suffer starquake. Considering the pulsars in
this analysis for such a glitch, it will take between tens
to thousands of years for quake of microglitch size of
positive signature to occur. Therefore, the standard
9starquake model is insufficient to explain the rate of
microglitches of positive signature. However, the pos-
sibility of induced starquakes is not ruled out.
To compare the microglitch rate with the accreation
rate of dark matter by pulsars at a distance r, from the
galactic center, we follow Lai & Xu (2016) believing
that the distribution of SN in the galaxy is similar to
that of dark matter and the mass fraction is γ = 0.1.
The accretion rate of SNs by pulsar with mass M and
radius R is (Press & Spergel 1985; Kouvaris 2008).
f = 4pi2nx
(
3
2piv2
)3/2
2GMRv2
3Λ
, (38)
where Λ = (1 − 2GM/R)−1 is a factor accounting for
general relativity effect, nx = γ.ρdm/mSN is the number
density of the SNs, m
SN
= Amb is SN mass and Mb ∼
1GeV is baryon mass.
ρ
dm
(r) =
ρ
s
( rrs
)〈1 + ( rrs )2〉
(39)
is the dark matter distribution as a function of distance
from the galactic center (r) (Navarro et al. 1997). ρs =
0.26GeV cm−3 and r = 20 kpc . The circular velocity
of the SN is of the form
v(r) =
√
GM(r)
r
, (40)
where M(r) =
∫ r
0
ρ(r′)4pir′2 dr′ is the total within a
radius r.
The microglitch rate as compared with accretion rate
of SNs by pulsars is shown in Figure (2). Such a fig-
ure has earlier been presented by (Lai & Xu 2016).
From Figure (2), the pulsars are relatively at distance
of which the interactions with SN are feasible. The
lines represent the ideal accretion rate of SNs of a given
baryon number by pulsars at a distance r from the cen-
ter of the galaxy, while the data points, represent the
microglitch rate of a pulsar at distance r from the center
of the galaxy.
7 Discussion
In this analysis, we propose that microglitches could
be consequences of accretion of SNs by pulsars. These
SNs are believed to be the relics of quantum chromody-
namic phase transition that took place at the earliest
stage of the universe evolution. As such, if they sur-
vived the present universe, they could fill our galaxy
and could be colliding with (or accreted by) stellar ob-
jects. Pulsars due to their high gravitational field are
good candidates for such accretion especially pulsars of
Fig. 2 Accretion rate of SN by pulsar at a distance r from
the galactic center compare with the microglitch rate. Top
panel is for microglitch of positive signature, bottom panel
is for microglitch of negative signature.
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relatively long period (Chatterjee et al. 2000). In addi-
tion, due to kick velocity of pulsars, they are bound to
collide with matter along their path and such collisions
should have astrophysical consequences of which sud-
den change in rotational kinetic could be one of them.
In these frameworks, the interaction of pulsars with SNs
could lead to starquake (or cracking of the crust) if the
impact is high enough. The quake readily lead to sud-
den spin-ups observed as microglitches of positive sig-
natures. In contrast, if the energy of the SNs is not
large enough for the impact to cause starquake, the in-
teraction leads to sudden increase in stellar moment of
inertia, which manifests in sudden spin-down observed
as microglitches of negative signatures. Thermal X-ray
burst could readily accompany these kind of glitches,
but no such observation was reported. This could be
that the observers (of the microglitches) did not con-
sider that in their analysis, or that it could not be de-
tected due to low magnetic field of the pulsars involved.
Glitches, which have been associated with X-ray bursts
or other radiative changes, are mostly seen in magne-
tars and high magnetic field pulsars (e.g. Weltevrede
et al. 2011; Dib & Kaspi 2014; Kaspi & Beloborodov
2017; Kou et al. 2018). If this model is to be extended
to such pulsars, it could be a good tool for understand-
ing some of the radiative changes accompanying their
glitches. This is as the interaction of SN with high
magnetic field pulsars could be a complicated process.
There could be tidal heating, the SN may disintegrate
of which part of it may be ionized. The ionized matter
could readily affect the pulsar profile (radiative change)
as they interact with the pulsar magnetosphere.
Figure 2 compare the accretion rates of SNs of
baryon number A by pulsars at a distance r from the
galactic center with the microglitch rate of pulsars at
the same distance. It is readily observed that the po-
sitions of the pulsars are within the location that they
can accrete SN. It appears that SN of A > 1032 is more
likely to interact with pulsars at such distances. A strik-
ing feature is that the pulsars concentrate highly within
that region, indicating that they are all prone to a phe-
nomenon associated with that region. Nonetheless, the
narrow dispersion in the distribution of the pulsar dis-
tances makes it quite challenging to reasonably analysis
the correlation between the microglitch rates and pulsar
distances from the galactic center, though, a Pearson
correlation, yielded at least a significant result. That is,
the rate of microglitches of negative signature, correlat-
ing well (r = −0.61, Figure 2 middle panel) with pulsar
distances from the galactic center. This is an indication
that interaction with SNs can lead to microglitches es-
pecially those with negative signatures. Pulsars closer
to the galactic center accretes SNs more often than
those farther, leading to more sudden spin-downs in
the pulsars than in others. This is in line with recent
analysis that suggested that anti-glitch (glitch with neg-
ative signature) in magnetar resulted from collision of
the magnetar with solid body (Huang & Geng 2014).
Equally, it is believed that as pulsars gets older, they
migrate towards the galactic center, so regions nearer
to the galactic center should have higher concentration
of older pulsars than others. Therefore, microglitches
being more prominent in older pulsars should be under-
stood in that realm. This could also explain the nar-
row dispersion in the distribution of pulsar distances
involved in this analysis as they are of similar charac-
teristic age. The weak correlation of microglitches of
positive signature with pulsar distances from the galac-
tic center could be that, some the glitches could be from
conventional starquake, as there is no criterion that in-
hibits a crust that has been stressed beyond the limit
from cracking.
On the other hand, pulsars involved in this mi-
croglitch activities are relatively old and low magnetic
field objects, which are not spinning down fast to war-
rant the glitch rate they posses. Considering, their
spin-down rate (ν˙) and their rotational periods, the
inter-glitch time intervals in most them exceeds 100
yrs, unlike the ∼ 2yr inter-glitch time interval seen
them. Small size glitches of such rate are mostly seen in
younger pulsars of high spin-down rate (Espinoza et al.
2011). It is argued that in those young pulsars, due to
the higher temperature in their interior, vortex unpin-
ning may not work efficiently as thermal fluctuations
could in fact contend against pinning forces and ham-
per the creation of large pinning zone for the vortices
(Espinoza et al. 2011), but not for older pulsars, which
are believed to have cooler interiors. Equally, lesser
spin-down rates would entail larger time intervals be-
tween glitches (i.e. low glitch rate), not essentially a
reduction in glitch sizes, as the glitch size depends di-
rectly on the number of unpinned vortices (Warszawski
& Melatos 2011) and inter-glitch time intervals are size
independent (Eya et al. 2019b).
In conclusion it is clear that the negative signature
of some microglitches are not in line with the standard
glitch models. This paper has presented a way of under-
standing the glitches based on a possible natural phe-
nomenon — the interaction of dark matter inform of
strange nuggets with pulsars.
11
References
Alpar, M. A., Pines, D., Anderson, P. W., Shaham, J., 1984,
ApJ 276, 325
Anderson, P. W., Itoh, N., 1975, Nature 256, 25
Andersson, N., Glampedakis, K., Ho, W. C. G., Espinoza,
C. M., 2012, Phys. Rev. Let. 109, 241103
Antoniadis J. Freire, P. C. C., Wex, N., Tauris, T. M.,
Lynch, R. S., et al., 2013, Science, 340, 448
Archibald, R. F., Kaspi, V. M., Ng, C.-Y., Gourgouliatos,
K. N., Tsang, D., et al. 2013, Nature, 497, 591
Basu, A., Char, P., Nandi, R., Joshi, B. C., Bandyopadhyay,
D., arXiv:1806.01521v1 [astro-ph.HE] 5 Jun 2018
Baym, G., Pethick, C., Pines, D., Ruderman, M., 1969,
Nature 224, 872
Baym, G., Pines, D., 1971, Ann. Phys., 66, 81
Chamel, N., 2013, Phys. Rev. lett., 110, 011101
Chatterjee, P., Hernquist L., Narayan R., 2000, ApJ, 534,
373
Colgate, S. A., Petschek, A. G. 1981, ApJ, 248, 771
Chukwude, A. E., Urama, J. O, 2010, MNRAS, 406, 1907
Cordes, J. M., Downs, G. S., 1985, ApJS, 59, 343
Cordes, J. M., Downs, G. S., Krause-Polstorff, J., 1988,
ApJ, 330, 847
Dib, R., Kaspi, V. M. 2014, ApJ, 784, 37
Dodson, R., Lewis, D. McCulloch, P., 2007, ApSS, 308, 585
Eya, I. O., Urama, J. O., Chukwude, A. E., 2017, ApJ, 840,
56
Eya, I. O., Urama, J. O., Chukwude, A. E. 2019a, RMxAA,
55, 3
Eya, I. O., Urama, J. O., Chukwude, A. E. 2019b, RAA,
19, 89
Espinoza, C. M., Lyne, A. G., Stappers, B.W, Kramer M.,
2011, MNRAS 414, 1679
Fan X. Strauss, M. A., Schneider, D. P., Becker, R. H.,
White, R. L., et al., 2003, Astron. J. 125, 1649
Ford, E. B., Rasio, F. A. 2008, ApJ, 686, 621
Haskell, B., Melatos, A., 2015, Int. J. Mod. Phys. D., 24,
1530008
Helfand, D. J., Gotthelf, E. V., Halpern, J. P., 2001, ApJ,
556, 380
Huang, Y. F., Geng, J. J. 2014, ApJ, 782, L20
Kaspi, V. M., Beloborodov, A. M. 2017, ARA & A, 55, 261
Katz, J. I. 2013, arXiv:1307.0586
Katz, J. I., Toole, H. A., Unruh, S. H. 1994, ApJ, 437, 727
Kou, F. F., Yuan, J. P., Wang, N., Yan, W. M., Dang, S.
J., 2018, MNRAS,478, L24
Kouvaris, C. 2008, Phys. Rev. D, 77, 023006
Lai X. Y., Xu R. X., 2009, MNRAS, 398, 31
Lai, X. Y., Xu, R. X. 2010, JCAP, 1005, 028
Lai X. Y., Xu R. X., 2011, RAA, 11, 687
Lai, X. Y., Xu, R. X. 2016, RAA, 16, 46
Levin, Y., D’Angelo, C., 2004, preprint (astro-ph/0403014).
Link, B. 2003, Phys. Rev. Lett. 91, 101101.
Lyutikov, M. 2013, arXiv:1306.2264
Madsen J., 1999, Lect. Notes Phys. 516, 162
Madsen J., Riisager K., 1985, Phys. Lett. B 158, 208
Middleditch, J., Marshall, F. E., Wang, Q. D., Gotthelf, E.
V., Zhang, W., 2006, ApJ 652 1531
Navarro, J. F., Frenk, C. S., White, S. D. M. 1997, ApJ,
490, 493
Ouyed, R., Leahy, D., Koning, N. 2013, arXiv:1307.1386
Press, W. H., Spergel, D. N. 1985, ApJ, 296, 679
Radhakrishnan, V., Manchester, R. N., 1969, Nature 222,
228
Ruderman, M. A., 1969, Nature, 223, 597
Shabanova, T. V., Lyne, A. G., Urama, J. O., 2001, ApJ,
552, 321
Stairs, I. H., Lyne, A. G., Shemar, S. L., 2000, Nature, 406,
484
Thompson, C., Duncan, R. C., Woods, P. M., et al. 2000,
ApJ, 543, 340
Tong, H. 2013, arXiv:1306.2445
Warszawski, L., Melatos, A, 2011, MNRAS, 415, 1611
Weltevrede, P., Johnston, S., Espinoza, C. M. 2011, MN-
RAS, 411, 1917
Witten E, 1984, Phys. Rev. D 30, 272
Xu, R. X., 2003, ApJ, 596, L59.
Yu, M., Manchester, R. N., Hobbs, G., Johnston, S., Kaspi,
V. M., Keith, M., Lyne, A. G., Qiao, G. J., Ravi, V. J.,
Sarkissian, M., Shannon, R., Xu R. X., 2013, MNRAS
429, 688
Zhou, E. P., Lu, J. G., Tong, H., Xu, R. X., 2014, MNRAS,
443, 2705
Zhou A. Z., Xu R. X., Wu X. J., Wang N., 2004, Astropart.
Phys., 22, 73
This manuscript was prepared with the AAS LATEX macros v5.2.
